Sixty-seven children between one and 15 years of age were randomized to have Laryngeal Mask Airway (LMA) insertion using either the standard technique (Group A) as described by Brain or the "reverse technique" (involving a 180° turn after insertion with the cuff facing the palate) (Group B). A blinded observer using a fibreoptic bronchoscope assessed the final position of the LMA. The LMA had to be placed within 15 seconds for the procedure to be considered "successful". The success rate using the standard technique was 90.3% (28/31) and 100% (36/36) using the reverse technique (P value 0.06). The 95% confidence interval for the difference in success rates between Group B and A (B-A) was -0.73% to 20.1%. It is our opinion that the reverse technique of insertion of the LMA is an acceptable alternative to the standard technique.
The laryngeal mask airway (LMA) in paediatric anaesthesia is simply a scaled down version of the adult LMA. Despite the differences between the adult and the paediatric upper airway anatomy, the LMA has been successfully applied to the paediatric population 1 . Occasional difficulty in insertion is encountered and many authors have suggested alternative insertion techniques to Brain's standard technique 2 . One such technique has been the "reverse technique" where the LMA is inserted with the cuff facing the palate and turned 180° (similar to the common method for Guedel airway insertion) 3, 4 . This technique was compared to three others in adults and shown to have similar success rates to the standard technique 5 . Our search of the literature showed no prospective randomized study comparing the reverse method to the standard technique in children. Our study compared the reverse technique with the standard technique with respect to ease of insertion, positioning as assessed through a fibreoptic bronchoscope and adverse events in children.
MATERIALS AND METHODS
Following approval from the local Ethics Committee and written consent obtained from their parents, 67 (57 male and 10 female) paediatric patients, aged one to 15 years, weighing 8.5 to 70 kg, were randomized into two groups. The standard method of LMA insertion was used in one group (Group A) while the reverse method was used in the other group (Group B). The size of the LMA and volume of air used to inflate the cuff were based on the manufacturer's instructions. A single experienced operator performed all the insertions. Inclusion criteria were ASA 1 and 2 patients scheduled for elective surgery. Exclusion criteria were ASA 3 and above, patients undergoing emergency surgery or those at risk of aspiration.
The technique of induction was left to the discretion of the anaesthetist. Three different techniques of induction were used with thiopentone plus sevoflurane being the most frequently used. The other techniques included sevoflurane and propofol. LMA insertion was performed after adequate depth of anaesthesia was obtained as judged by jaw relaxation and Guedel's stage three surgical anaesthesia evidenced by ventilation pattern 6 . The observer who assessed LMA position was not in the induction room during the insertion and remained blinded to the technique used.
All the LMAs used were of the standard, nonreinforced type. The child's head was positioned with the head extended at the atlanto-axial joint and flexed at the neck. For the standard technique, insertion was conducted with the cuff fully deflated, the deflated rim posterior, via a midline approach. The LMA was held like a pen with the index finger placed at the junction of the tube and cuff. The index finger was used to press the LMA against the hard palate and posterior pharyngeal wall as it was advanced. With the reverse technique, the LMA was held at the proximal end, near the point of connection to the anaesthetic circuit. Insertion was conducted with the cuff fully deflated, facing the palate, and then rotated anti-clockwise through 180 degrees as it was pushed into the hypopharynx. The cuff was inflated with the manufacturer's recommended volume of air.
A successful insertion required confirmation of adequate movement of the bag in a spontaneously breathing patient or adequate chest movement on gentle hand ventilation if the patient was apnoeic. The LMA was then taped to the chin. A maximum of 15 seconds was allowed between the bowl of the LMA entering the mouth and securing the LMA for the insertion to be classified as successful. The time required for successful insertion, i.e. from opening the mouth to securing the LMA was recorded.
Throughout the procedure, the patient was monitored for any adverse events including hypoxaemia (defined as haemoglobin oxygen saturation below 90% on pulse oximetry), airway obstruction, coughing, gagging, laryngospasm and trauma (defined as blood on the LMA on removal).
After the LMA was secured, fibreoptic evaluation of the positioning was performed by an observer who was blinded to the technique of insertion, with the aid of the assistant holding the LMA in place. The position of the LMA was graded from behind the mask aperture bars as follows: grade 1, only the larynx visible; grade 2, larynx and epiglottis visible; grade 3 if the epiglottis was impinging on the grille, but the larynx could be seen; grade 4 if the epiglottis was down folded and the larynx could not be seen; and grade 5 if insertion was unsuccessful, either due to failure to insert the LMA within 15 seconds, or failure to obtain adequate movement of the reservoir bag on spontaneous respiration or adequate chest movement with hand ventilation. In the case of an unsuccessful insertion, the LMA was removed and reinserted using the alternative method of insertion. The ability to visualize the oesophagus, the axis of the LMA with respect to the larynx and whether the LMA was kinked was also recorded. Kinking was taken as difficulty in passing the fibreoptic scope through the LMA due to a visible compression of the inner lumen as seen through the scope. Twisting of the LMA was taken as a misalignment between the axis of the LMA and the sagittal plane of the larynx as viewed through the fibreoptic scope.
RESULTS
Of the 67 patients, 31 were randomized to have the LMA inserted using the standard technique (group A) and 36 to the reverse technique (group B). The age of the patients ranged from one to 15 years. The age distribution of the patients is shown in Figure 1 . There were 26 male and five female patients in group A and 31 male and five female patients in group B. Chi-squared testing showed no difference in the sex distribution of the two groups (P=0.8). The mean age of the patients from group A and B was 5.04 years and 5.41 years respectively. The mean weight of the patients from groups A and B was 18.3 kg and 21.2 kg respectively. Two-tailed t-test showed no difference in the mean age (P=0.6) or mean weight (P=0.3) in both groups. Table 1 shows the frequency of the various induction techniques in both groups. Chi-squared tests showed no statistical difference between the two groups (P=0.5). Table 2 shows the distribution of the LMA sizes used in both groups.
Chi-squared testing showed no significant difference in the LMA sizes in the two groups (P=0.4). Group A had 28 successful insertions (90.3%) and group B had 36 successful insertions (100%). Chisquared testing did not reveal any statistical difference between the two groups (P=0.06). The 95% confidence interval for the difference in success rates between Group B and A (B-A) was -0.73% to 20.1%. The three failures were aged 5, 5 and 11 years and weighed 17, 21 and 26 kg respectively. Two of them were induced using thiopentone followed by sevoflurane while one of them was induced using sevoflurane alone. The fibreoptic grading obtained for the two groups is shown in Table 3 . The median score was 3 for group A and 2 for group B. The modal score was 2 for both groups. The Mann-Whitney U test was used to compare the distribution of the grading in the two groups and did not demonstrate any statistical difference in the two groups (P=0.08). There were no cases of kinking or twisting of the LMA. There was one case from group A and two cases from group B of blood being observed on the LMA at removal.
DISCUSSION
Studies of LMA insertion techniques in children and adults show that success rates for insertion are quite high even in the hands of relatively inexperienced operators 6 . This is partly due to the fact that the LMA is able to function remarkably well despite being less than optimally sited. This has been demonstrated by assessment of its positioning using fibreoptic 5,7,8 radiological 9 , CT scan 10 and NMR 11 techniques. The ability to maintain good function in spite of apparent epiglottic obstruction on fibreoptic inspection has been postulated to be due to gas passing to the larynx via the lateral spaces on either side of the bars and epiglottis 12 . Only about one third of patients have the "ideal" LMA position as assessed fibreoptically 13, 14 . In children, suboptimal positioning of the LMA may be more frequent than in adults 10, 15, 16, 36 . This may be related to the fact that LMAs for children are merely scaled down versions of the adult LMA. The suboptimal seating may cause partial laryngeal obstruction or an unsatisfactory seal. This is especially pertinent when the LMA is being used during IPPV. The increased resistance to airflow may translate to higher airway pressures and a need for higher volumes in the cuff to maintain a good seal. Poor seal and high pressures may result in gas being pushed into the oesophagus, distending the stomach. It has been shown that gastric distension can occur during IPPV with an LMA [17] [18] [19] [20] and this has been shown to be associated with clinically unrecognised malpositioning of the LMA 21 . Although there are no reports of gastric distension directly causing aspiration, the potential for regurgitation leading to aspiration should not be discounted 19, [22] [23] [24] . The LMA has been used successfully as a guide for intubation in children [25] [26] [27] [28] [29] . Malpositioning may present difficulties when using the LMA as a guide to intubation, especially if blind tracheal intubation is to be performed. The use of the fibreoptic scope to assess LMA positioning will help to detect small differences in the seating of the LMA, which may not be otherwise apparent.
The reverse technique was chosen as an alternative to the standard technique as earlier studies have demonstrated it to have success rates close to that of the standard technique 5 . Successful insertion of the LMA requires adequate obtundation of the upper airway reflexes. There are various studies showing a higher incidence of adverse response to LMA insertion following thiopentone compared to propofol [30] [31] . This is due to the fact that propofol has a greater depressant effect on airway reflexes than thiopentone 32 . Thiopentone when used with fentanyl and midazolam has been shown to be as effective as fentanyl and propofol in providing optimal conditions for LMA insertion 33 . It has also been shown that propofol and sevoflurane are equally suitable for induction and maintenance of anaesthesia with the LMA in children 34 as well as adults 35 . It is our opinion that it is the depth of anaesthesia that is pivotal in determining whether ideal conditions for LMA insertion can be obtained and not the agent used. As our experience suggested that thiopentone and sevoflurane induction can produce conditions comparable to propofol for LMA insertion in children, we did not standardize the induction technique, but rather used a standard clinical measure of depth of anaesthesia before LMA insertion. The success rates of 90% to 100% obtained with our study are comparable to other studies using propofol as the induction agent. In addition, the data do not show any statistically significant difference in the method of induction used in both groups A and B. The technique of fibreoptic grading was adapted from that used by Rowbottom et al 36 . The various groups demonstrate a presumptive deterioration in grade with group 1 being the best and group 5 being the worst. This allows the results of the grading to be processed as ordinal data. The results of the study did not quite reach statistical significance in either the success rate (P value 0.06) or the quality of seating (P value 0.08) of the LMA between the standard and reverse techniques of insertion. The absence of prior studies using the reverse technique in children made it difficult to predict the sample size required to give the study adequate power. Our results lack power to confidently conclude there is no difference between the techniques and the P value of 0.06 suggests a trend to a statistically significant difference which would likely be revealed by a modestly larger study sample. Clinically, a true difference of 10% in success rates would be a useful but modest difference in success of insertion rates.
In conclusion, we suggest that the reverse technique is an acceptable alternative to the standard technique for inserting the LMA in children.
